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Abstract

SJG-136 (NSC 694501), 8,8′-[[(propane-1,3-diyl)dioxy]bis[(11aS)-7-methoxy-2-methylidene-1,2,3,11a-tetrahydro-5H-pyrrolo[2,1-c]
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p r, respec-
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1,4] benzodiazepin-5-one], which is being developed as a DNA-interactive antitumor agent, contains highly reactive imines in the d
ortions of the molecule. Water or alcohol adds readily to the imino moiety to form the corresponding carbinolamine or its alkyl ethe

ively. This sensitivity to protic substances poses a formidable challenge to the formulation and HPLC assay development for the
fter studying the solution chemistry of SJG-136 and its potential interaction with various stationary phases, two reversed-phase l
atographic assays for the compound have been developed. A direct assay that separates SJG-136 from its water or methanol a

ndirect assay that quantifies SJG-136 as its dihydrate adduct are reported. The latter method, which is more practical for drug de
as been validated. It is reproducible (R.S.D. < 2%), linear (r2 = 0.9999) and accurate (within 98–102% recovery), with a lower detection
f 2.5 ng.
2005 Elsevier B.V. All rights reserved.

eywords:SJG-136; NSC 694501; Benzodiazepine; Water adducts; NMR; HPLC assay; Development; Validation

. Introduction

SJG-136 (NSC 694501); 8,8′-[[(propane-1,3-diyl)dioxy]-
is[(11aS)-7-methoxy-2-methylidene-1,2,3,11a-tetrahydro-
H-pyrrolo[2,1-c] [1,4]benzodiazepin-5-one]) is a novel seq-
ence-selective DNA-interactive minor-groove interstrand
ross-linking agent that has shown significant activity in
oth in vitro and in vivo models[1–7]. It binds in the minor
roove of DNA, predominantly at Purine-GATC-Pyrimidine
equences, cross-linking the two guanine residues on
pposite strands via covalent aminal bonds between the
2-positions of the guanine residues and the C11/C11′-
ositions (CH N) of SJG-136 molecules[1,2]. Interestingly,

he adduct causes little distortion of the DNA helix which is

∗ Corresponding author. Tel.: +1 650 859 2453; fax: +1 650 859 2753.
E-mail address:jingyi.he@sri.com (J. He).

thought to explain why SJG-136/DNA adducts are relati
resistant to repair[2]. The adducts are known to significan
raise the melting temperature of the DNA helix, block tr
scription in a sequence-dependant manner and inhib
action of endonucleases having a Purine-GATC-Pyrimi
sequence at their recognition site[3,7]. SJG-136 is current
being studied in Phase I clinical investigations in b
the USA (NCI) and the UK (Cancer Research UK),
for this reason a robust HPLC-based assay method
required.

The imine bonds in the diazepinone portions of S
136 (Fig. 1a) have significant reactivity towards protic (
nucleophilic) substances via an addition reaction. Wat
methanol adds easily across them, resulting in the fo
tion of carbinolamines or carbinolamine methyl ethers.
addition of protic solvents is reversible under anhydrous
ditions, however. This reversible reaction poses a chall

570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2005.04.027
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Fig. 1. Chemical structure of SJG-136: (a) formation of adducts (R = H or CH3), (b) carbinolamine methyl ether of DC-81, and (c) possible keto-enol tautomerism
of SJG-DHA.
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to the formulation and HPLC analysis of SJG-136. Many
reversed-phase HPLC assays for benzodiazepine agents have
been reported[8–14], and a reversed-phase HPLC assay
procedure for an analog of SJG-136 (DSB-120) has been
described in the literature[3]. These assays use silica based
HPLC columns and aqueous mobile phases, and no data is
provided to indicate if the benzodiazepines are being assayed
as the intact molecules or their hydrate adducts. We present
here the initial development of a non-aqueous HPLC assay
for intact SJG-136, a comprehensive study of the solution
chemistry of the analyte, and the eventual development of
a reversed-phase HPLC assay for the dihydrate adduct of
SJG-136.

2. Experimental

2.1. Chemicals and reagents

SJG-136 (NSC 694501), lots Z/4, Z/5, and Z/6 were pro-
vided by the National Cancer Institute (Bethesda, MD, USA).
Monobasic potassium phosphate (KH2PO4) and HPLC grade
acetonitrile (ACN) were purchased from Mallinckrodt (Paris,
KY, USA). Triethylamine, morpholine hydrochloride, and
piperidine (99%) were obtained from the Aldrich Chemical
(Milwaukee, WI, USA). Water was purified through a Milli-
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USA) Discovery RP Amide C16, 5�m, 150 mm× 4.6 mm
i.d. stainless steel column. Chromatographic separation was
carried out at 23± 1◦C by isocratic elution at 1 ml/min with
a 23:77 mixture of ACN and 20 mM KH2PO4 (pH unadjusted
at 4.6) for 30 min, unless otherwise noted.

2.2.3. HPLC–MS
HPLC–MS was carried out on a ThermoQuest system

consisting of a Surveyor LC pump, a Surveyor autosam-
pler and a Finnigan LCQ-DUO mass spectrometer (San Jose,
CA, USA). The mass spectrometer was equipped with an
electrospray ionizations (ESI) probe operating at atmosphere
pressure. The LC conditions used for identification of SJG-
136 mono- and di-hydrates was the same as described in
Section2.2.1(above). For the identification of impurities and
decomposition products in the aqueous HPLC system, a Dis-
covery RP Amide C16 column (5�m, 150 mm× 4.6 mm i.d)
was used with a mobile phase of ACN/water at 0.5 ml/min.
The mobile phase was programmed to run at 22% ACN from
0–40 min, linearly ramped-up to 60% from 40–50 min, then
re-equilibrated at the initial condition (22% ACN) for 10 min
before the next run.

2.3. NMR experiments

The NMR experiments were carried out using a Var-
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ore Super-Q Pure Water System (Waltham, MA, USA).
nternal standard (IS),p-nitrotoluene from Sigma Chemic
St. Louis, MO, USA), was dissolved in ACN (0.1 mg/m
euterated solvents, CD3OD, CD3CN, CDCl3 and D2O

all ≥ 99.8% atom D), for NMR experiments were purcha
rom Aldrich (Milwaukee, WI, USA).

.2. HPLC

An Agilent 1100 HPLC system (Wilmington, DE, US
as used. For assay, detection wavelength was set at 3
nless otherwise noted. For monitoring the UV profile

orced decomposition products, and collection and proc
ng of data, an Agilent ChemStation was used.

.2.1. For intact SJG-136
SJG-136 sample solutions were prepared in ACN

rief sonication (1 mg/ml). The sample solutions (10�l) were
oaded onto two Phenomenex (Torrance, CA, USA) Ultra
DS, 5�m, 250 mm× 4.6 mm i.d. stainless steel colum

oined in tandem. Chromatographic separation was ca
ut at 23± 1◦C by isocratic elution at 1 ml/min for 20 m
ith dry ACN containing 1% piperidine (v/v).

.2.2. For the dihydrate adduct (SJG-DHA)
SJG-DHA sample solutions were prepared by first diss

ng SJG-136 with 1 min sonication in ACN or the IS solut
0.1 mg/ml) followed by 1:1 dilution with water and sonic
ion for 2–3 min to form the test solutions (0.2 mg/ml). T
olutions (10�l) were loaded onto a Supelco (Bellafonte,
an Mercury Vx-Works Powered 300 (300 MHz) instrume
he SJG-136 samples were prepared in CD3CN (Fig. 2a),
D3CN plus CD3OD (Fig. 2b), CD3OD (Figs. 2c and 3a) and
D3CN plus D2O (Figs. 2d and 3b) at 1–5 mg/ml with brie
onication.

. Results and discussion

.1. NMR study on dihydrate adduct formation and
olution chemistry of SJG-136

Fig. 2presents the proton NMR of SJG-136 (a) in CD3CN,
b) in CD3CN plus 6% CD3OD, and (c) in CD3OD. With the
xception of small impurity signals (marked* ), the NMR of
he CD3CN solution (Fig. 2a) is consistent with the imin
orm of SJG-136. Spectral assignment is depicted in the
re, and the structure and labels are shown inFig. 1a. The

mine proton (doublet at 7.6 ppm) in each half of the di
s clearly observed along with the two aryl protons at
nd 7.4 ppm. NMR spectra obtained from this solution
period of 24 h at room temperature remained unchan
he NMR spectra of the CD3CN solution, after the add

ion of two drops (6%) of CD3OD (Fig. 2b), and that of th
D3OD solution (Fig. 2c) are essentially identical. Both sh

he disappearance of the imine doublet (7.6 ppm) and th
ignals (6.8 and 7.4 ppm). In their place are enhanceme
he small impurity signals at around 7.3, 7.1, 6.4, 6.2, 5.1
nd 4.6 ppm. In fact, two sets of NMR signals are evide

hese spectra. Each set is consistent with theRandSisomers
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Fig. 2. Proton NMR spectra of SJG-136 dissolved in (a) CD3CN, (b) CD3CN
followed by addition of 6% volume of CD3OD, (c) CD3OD, and (d) CD3CN
followed by addition of an equal volume of D2O. SeeFig. 1 for proton
notations.

Fig. 3. 2-D NMR of SJG-136 in (a) CD3OD and (b)

of a carbinolamine methyl ether resulting from addition of
CD3OD to the imine bonds of SJG-136 as depicted inFig. 1a.
Two-dimensional NMR (Fig. 3a) shows the carbinolamine
CH protons at 4.55 (singlet) and 4.38 (doublet,J= 9.3 Hz)
ppm. This is consistent with the literature[15] for the (R)-
and (S)-carbinolamine methyl ether forms of DC-81 (Fig. 1b).
Based on the literature, the set with the carbinolamine CH sin-
glet at 4.55 ppm is theR isomer and the doublet at 4.38 ppm
is theS isomer of the carbinolamine methyl ether.

The above experiment clearly demonstrates that SJG-136
can be converted to its adducts (carbinolamine methyl ether)
after reaction with a protic substance such as methanol. Fur-
thermore, less than 10% (v/v) of a protic solvent (ROH) in
non-protic solvents (CD3CN or CDCl3) is sufficient to com-
pletely convert the imine to the carbinolamine alkyl ethers.
Spectra from these solutions remained unchanged over 24 h.
However, when the CD3CN solution containing 6% CD3OD
or the CD3OD solution alone was evaporated to dryness,
the NMR spectra of the residue re-dissolved in CD3CN or
CDCl3 were essentially identical toFig. 2a, indicating that
the adducts are easily converted back to SJG-136.

NMR spectra of solutions of SJG-136 in CD3CN–D2O
mixtures (i.e. 6–50% D2O) are identical to each other. A
representative one is shown asFig. 2d. It is similar to, but
more complex than, the CD3OD solution spectrum (Fig. 2c).
The signals for the imino CH (7.6 ppm) are greatly reduced
i and
4 -
c a
n favor of the new carbinolamine protons (4.2–4.4
.6 ppm). Two-dimensional NMR (Fig. 3b), however, indi
ates a doublet at 4.6 (J= 9 Hz) for the (S)-isomer and
CD3CN followed by an equal volume of D2O.
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signal at 4.2 ppm (J< 2 Hz) for the (R)-isomer. The aryl pro-
tons at 7.4 and 6.8 ppm are replaced by signals at 7.0–7.2 and
6.2–6.6 ppm, respectively. Careful examination of the rela-
tive intensities and complexity of these signals reveals that the
(R)-isomer exists as two species of similar intensity. It is pos-
sible that the aqueous adduct is further tautomerized (enol-
keto forms) via the vinylogous amide (OC C C NH )
as depicted inFig. 1c. NMR of a fresh solution of SJG-
136 in CD3CN/20 mM KH2PO4 in D2O, which simulates
the LC mobile phase in Section3.3, is identical to those of
other CD3CN–D2O solutions. NMR spectra of these solu-
tions, obtained over a minimum of 24 h, remain unchanged
compared to their initial spectra and suggest that the dihy-
drate adduct, once formed, is stable in solution for at least

F
o
(
a
i

24 h. When the 6% D2O diluted CD3CN solution was evapo-
rated to dryness and the residue re-dissolved in CD3CN, the
NMR obtained was identical toFig. 2a.

The foregoing experiments show that SJG-136 exists as
the imino compound only in anhydrous non-protic solvents.
In the presence of water or alcohol it exists predominantly as
carbinolamine or carbinolamine alkyl ether adducts, respec-
tively. However, the adducts are converted back to the imine
under anhydrous or evaporative conditions.

3.2. HPLC assay for intact SJG-136

The reactivity of SJG-136 to nucleophiles poses a chal-
lenge to its analysis by HPLC. To minimize the risk of
ig. 4. Non-aqueous (ACN) mobile phase with 1% piperidine LC profiles
f freshly prepared solutions of SJG-136 in (a) ACN; (b) 10% H2O added to
a); and (c) 10% CH3OH added to (a). Chromatography was carried out on
single column of Phenomenex Ultracarb ODS, 5�m, 250 mm× 4.6 mm

.d..

F
o
t
c
t

ig. 5. Non-aqueous (ACN) mobile phase with 1% piperidine LC profiles
f SJG-136 in (a) ACN, fresh; (b) ACN, standing for 4 h; (c) CHCl3 fresh,

he 6.2 min peak is due to CHCl3. Chromatography was carried out on two
olumns of Phenomenex Ultracarb ODS, 5�m, 250 mm× 4.6 mm joined in
andem.
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SJG-136 reacting with residual silanol groups on silica based
columns, two types of non-silica columns—the polymer
based PRP column (Hamilton, Reno, NV, USA) and the
carbon graphite Hypercarb column (Alltech, Dearfield, IL,
USA) were first investigated. The PRP column, working
under the reversed phase mechanism, is designed to retain
analytes in the presence of high amounts of polar solvents.
However, even the most polar aprotic mobile phase, ACN,
gave no retention for SJG-136. The Hypercarb column gave
either no retention with CHCl3 or no elution with ACN as
the mobile phase. When dioxane, a solvent of intermediate
polarity, was used, on-column analyte decomposition was
observed. As an alternative to non-silica based columns, a
high carbon load (>25%) silica-based Ultracarb ODS col-
umn (Phenomenex, Torrance, CA, USA) was tried. With
ACN as the mobile phase, SJG-136 eluted atk′ = 0.9 (4.5 min,
Fig. 4a) and was not well resolved from the apparent water
or methanol adducts (Fig. 4b and c). Addition of organic
bases such as triethylamine, morpholine or piperidine to
the ACN increased column efficiency but decreased reten-
tion volumes for all peaks. To better retain the analytes, two
Ultracarb columns were used in tandem. Of the three bases
used, morpholine and piperidine gave better enhancement of
efficiency. However, in a similar manner to dioxane, morpho-
line caused decomposition of SJG-136. As piperidine gave

Table 1
Summary of method development

Column Mobile phase Result

PRP (Hamilton) ACN No retention
HyperCarb (Alltech) CHCl3 No retention

ACN No elution
Dioxane Partial decomposition of SJG-136

Ultracarb ODS
(Phenomenex)

ACN Broad peaks

(Additives)
Triethylamine Slightly improved peak shape
Morpholine Partial decomposition of SJG-136
Piperidine Significantly improved peak shape

significant enhancement of the theoretical plate number (from
<1000/column for neat ACN to 2500/column with 1% piperi-
dine in ACN), and SJG-136 was stable in ACN containing
piperidine, it was chosen as the mobile phase additive. This
HPLC method, as described more fully in Section2.2.1, is
able to separate SJG-136 from its monohydrate, dihydrate
and methanol adducts. The method development process is
summarized inTable 1.

Fig. 5a is the typical chromatogram of a freshly prepared
ACN solution of SJG-136. When the solution was stored
at room temperature, the earlier eluting peaks A and B at
5–8 min diminished in favor of the 12 min peak C (Fig. 5b),

F
(
2

ig. 6. Non-aqueous (ACN) mobile phase with 1% piperidine LC profiles of
c) 0.06 ml H2O added to 1 ml (a); (d) 0.1 ml H2O added to 1 ml (a). Chromatog
50 mm× 4.6 mm joined in tandem.
(a) SJG-DHA in ACN, standing for 4 days; (b) 0.03 ml H2O added to 1 ml (a);
raphy was carried out on two columns of Phenomenex Ultracarb ODS, 5�m,
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Fig. 7. Mass spectra of peaks A (a), B (b), and C (c) fromFig. 5a. Obtained
with LC–MS. Chromatography was carried out on two columns of Phe-
nomenex Ultracarb ODS, 5�m, 250 mm× 4.6 mm joined in tandem, with
mobile phase of dried ACN containing 1% piperidine (v/v) at 1 ml/min.

with the rate of conversion being concentration dependent.
At 1 mg/ml, 4 h was required to reach a final constant compo-
sition, while 15 h were required for a 0.1 mg/ml solution. The
final composition is analogous to that of a freshly prepared 1
or 0.1 mg/ml CHCl3 solution (Fig. 5c), where the area of peak
C is about 86%. It is noteworthy that peak C can be converted
to peaks A and B with H2O. When small increments of H2O
were added to a 4-days-old ACN solution, peak C diminished,
first in favor of B and then A (Fig. 6a–d). This observation is
consistent with assigning C as SJG-136 (imine form), and B
and A as the mono- and dihydrate adducts, respectively. The
UV spectra (from LC/UV) showed theλmax of C (327 nm)
was longer than that of B (323 nm) and A (319 nm), indica-
tive of the more extended�-conjugation in C. The LC–MS
data also confirmed that C, B and A are SJG-136 and its
mono-and dihydrate adducts, respectively.Fig. 7 shows the
mass spectra obtained with LC–MS. Apart from the dominant
557 ion for the pseudo-molecular ion (M+H+) of SJG-136,
MS of C (Fig. 7c) has a significant ion at 642 consistent
with the M+H+·piperidine complex. The MS of B (Fig. 7b)

Table 2
Relative (%) compositions of SJG-136 samples by “intact” HPLC assay

Lot A (DHA) B (MHA) C (SJG)

Z/4 63.2 30.6 6.2
Z/5 83.1 15.3 1.6
Z/6 73.0 26.7 0.3

See Section2.2.1 for HPLC conditions. A, B and C are peak designations as
appearing inFig. 5. DHA = dihydrate adduct, MHA = monohydrate adduct,
SJG = intact SJG-136.

shows an additional 660 ion for the piperidine complex of
the monohydrate adduct, and that of A (Fig. 7a) shows an
additional 678 ion for the dihydrate adduct complex. The
significant level of 557 ion in both cases is presumably due
to conversion of the monohydrate or dihydrate forms back
to the parent imine in the mass spectrometer probe. Similar
experiments with CH3OH indicate that the mono- and di-
methanol adducts elute at 5.93 and 7.75 min, well resolved
from the imine (11.97 min) but barely resolved from the cor-
responding water adducts at 5.6 and 7.5 min, respectively.
Importantly, when peak C was collected and re-injected, the
resulting chromatogram show only peak C, indicating that
the earlier eluting components including A and B were not
generated by the HPLC process. When the SJG-136 solution
was freshly prepared with the mobile phase, relative peak area
of A, B, and C were 63, 31, and 6%, respectively (Fig. 5a).
Storing the solution (1 mg/ml) for 4 h at room temperature
caused a slight change in favor of peak C (55, 35, and 10%,
respectively for, A, B, and C), indicating that on-column
conversion of the adduct to the imine was minimal (ca. <
4%). Thus, to monitor the actual sample composition of SJG-
136, the test solution is best prepared freshly in the mobile
phase.

The non-aqueous HPLC assay described above has been
utilized to study SJG-136 samples prepared by a purifi-
cation procedure using reversed-phase HPLC with water/
a y
c

llinity
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f eris-
t r, the
s pli-
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d ued.
I rmine
S

3

A is
t sence
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cetonitrile eluents. The results (Table 2) showed that the
ontained predominantly a mixture of hydrates.

The assay has also been used as a test for the crysta
f the bulk drug substance, as the intact SJG-136 (diim

orm) is amorphous and has different solubility charact
ics compared to the crystalline hydrate adducts. Howeve
ensitivity of SJG-136 to protic solvents would make its ap
ation to any type of bioassay impractical. Therefore, fur
evelopment and validation of the assay was not purs

nstead, an alternate HPLC assay was sought to dete
JG-136 as its dihydrate adduct (SJG-DHA).

.3. HPLC assay of SJG-136 as the dihydrate adduct

The rationale for the assay of SJG-136 as SJG-DH
he demonstrated ease of dihydrate formation in the pre
f water. In addition, SJG-136 is expected to be presen
ominantly as the dihydrate in biological systems sinc

s formed so readily in aqueous environments. It was
idered that a reversed-phase HPLC method with aqu
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Fig. 8. Aqueous mobile phase LC profiles of a fresh solution of SJG-DHA in
1:1 CD3CN–D2O: (a) isocratic elution; and (b) isocratic elution for 23 min
followed by linear gradient over 17 min to 55% ACN-buffer. Retention time
of SJG-136 was delayed to 12 min due to slight variation in LC condition. The
isocratic LC conditions: A Supelco (Bellafonte, PA) Discovery RP Amide
C16 (5�, 150× 4.6 mm i.d.) column with mobile phase of a mixture of ACN
and 20 mM KH2PO4 (23:77).

mobile phase would ensure that the analyte stays as SJG-
DHA during chromatography.

After experimentation with several ODS columns, a
reversed-phase HPLC assay as described in Section2.2.2.,
using a Supelco Discovery RP Amide C16 column, was used
for the assay of SJG-136. Although the ODS columns gave
reasonable chromatographic retention for SJG-DHA, the RP
Amide C16 column gave the best separation of SJG-DHA
from impurities and decomposition products.

Fig. 8presents the chromatograms of a SJG-136 solution
dissolved in CD3CN–D2O, where NMR data had confirmed
that SJG-136 had been converted to SJG-DHA. The chro-
matogram (Fig. 8a) shows a major peak (9.6 min, 97.6% peak
area) and a minor one (12.5 min, 0.6% peak area) along with
several trace peaks (5.0, 7.5, 8.4, 14.8, and 19.4, totaling 0.2%
peak area). In addition, several very late eluting trace impu-
rity peaks totaling 1.6% of peak area were detected only after

Fig. 9. Aqueous mobile phase LC profiles of solutions of SJG-DHA in (a)
ACN–0.1N HCl (1:1), 24 h at room temperature; (b) ACN–0.1N NH4OH
(1:1) 24 h at room temperature; (c) ACN–H2O (1:1), 4 h at 85◦C; and (d)
SJG-136 bulk chemical, heated at 85◦C for 4 h then dissolved in ACN–H2O
(1:1). LC conditions: A Supelco (Bellafonte, PA) Discovery RP Amide C16
(5�m, 150 mm× 4.6 mm i.d.) column with a mobile phase of a mixture of
ACN and 20 mM KH2PO4 (23:77).
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the mobile phase was changed by gradient elution to 60%
ACN (Fig. 8b). This LC profile is identical to those obtained
with fresh solutions of SJG-136 in 1:1 ACN/ H2O or ACN/
20 mM phosphate buffer (pH 4.6). The late eluting impurities,
however, would not be eluted under the isocratic conditions
alone and thus would not interfere with subsequent isocratic
runs. Thus, for the assay of SJG-DHA, 25–30 min of isocratic
elution is sufficient. For qualitatively monitoring the impu-
rity profile, however, a linear gradient of the mobile phase to
60% ACN in 5 min and a plateau for 5 min was added to the
end of the isocratic chromatography.

3.4. Stability of SJG-136 dihydrate adduct

Chromatograms of SJG-136 in the mobile phase of the
SJG-DHA assay are identical to those of other ACN-aqueous
solutions. Chromatograms from these aqueous solutions
which were allowed to stand at 23± 1◦C under normal lab-
oratory conditions for at least 24 h were unchanged from

the initial ones. Repeated injections of a 0. 18mg/ml solu-
tion resulted in peak area ratios (SJG-DHA/internal standard)
of 2.24 (R.S.D. = 0.02%,n= 5) on the initial day, and 2.28
(R.S.D. = 0.01%,n= 5) after 24 h. This confirms that SJG-
DHA is stable in ACN-aqueous solutions for at least 24 h.
A 30 min stop-flow after injection did not alter the relative
intensities of the major and minor peaks. In addition, when
the major peak was collected and immediately re-injected,
none of the minor peaks were observed in the resulting chro-
matograms. These results indicate that SJG-DHA is stable in
neutral or mildly acidic (pH 4.6) aqueous solutions, and that
the minor and late eluting peaks are not generated during the
chromatographic process.

3.5. Validation of the HPLC assay

Specificity of the HPLC assay was demonstrated by forced
decomposition of the SJG-DHA solution. In strongly acidic

Table 3
Aqueous mobile phase LC peak data

Peak Retention M + H (LC–MS) Proposed structure

1 2.1 min na Hydrolytic product
2 2.6 317a A
3 4.7 607 B

n

n
n

R
e solut ing MS.
4 5.1
5 5.4
6 7.5
7 8.4
8 9.5
9 12.0

10 12.4
11 13.7
12 14.7
13 17.6
14 19.4
15 22.2

etention data are fromFigs. 8 and 9.
a These imines existed as water adducts (carbinolamines) in sampl
591 C
na Hydrolytic product
na Hydrolytic product
589 D
557a SJG-136
573a E
482a F
na Acid decompositio
na Unknown impurity
na Acid decompositio
na Acid decompositio

p-Nitrotoluene, IS

ion and during chromatography. They reverted back to the imines dur
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Table 4
System suitability

Chemical SJG-DHA p-Nitrotoluene (IS)

Retention time (min) 9.5 22.2
Capacity factor,k′ 3.7 10.1
Resolution (S/IS) 11.7
Asymmetry at 10%

peak height
1.11 1.04

Number of theoretical
plates/column

2480 6022

solution (ACN/0.01N HCl, 1:1), SJG-136 showed a signif-
icant reduction of the major 9.6 min (SJG-DHA) peak after
24 h storage at room temperature (23± 1◦C). This reduction
was accompanied by the generation of numerous peaks elut-
ing before and after the SJG-DHA peak (Fig. 9a). In neutral
and basic aqueous solutions, however, SJG-DHA was fairly
stable. Only a tiny 5.4 min degradation product was formed
when a basic solution (ACN/0.1N NH4OH, 1:1) was allowed
to stand at room temperature (23± 1◦C) for 24 h (Fig. 9b).
A minor amount of a 7.5 min degradation product appeared
when a neutral solution (ACN/H2O, 1:1) was heated for 4 h at
85◦C (Fig. 9c). As a bulk chemical SJG-136 was reasonably
stable as well.Fig. 9d shows the chromatogram obtained from
a solid sample of SJG-136, which had been heated at 85◦C
for 4 h. It was essentially identical to that of the untreated
bulk (Fig. 8a). Decomposition products did not interfere with
the SJG-DHA and IS peaks, indicative of the specificity of
the method.Table 3lists the chromatographic retention data,
pseudo-molecular ions from LC–MS, and the structures pro-
posed to correspond to the peaks observed for SJG-136 and
its forced decomposition products.

The system suitability data is presented inTable 4.
The HPLC assay has a minimum linearity range of 0.05–
0.80 mg/2 ml in 1:1 ACN/H2O. The linear curve obtained
from 6 test solutions (0.05, 0.15, 0.25, 0.35, 0.50 and
0.80 mg/ml) wasy= 6.4825x− 0.0094. The correlation coef-
fi cov-
e hree
r y
c The
t tion
c k
a ry wa
1 cen-
t t all
c as

T
L

W

0
0
0

T was
y

Table 6
Precision

W (mg/2 ml) AverageR R.S.D. (%) (n= 5)

Intra-day 0.0455 0.2916 0.38
0.3488 2.2365 0.80
0.799 5.1673 0.68

Inter-day Day 1 0.3488 2.2365 0.80
Day 2 0.3488 2.2865 0.32
Day 3 0.3488 2.3184 2.02
Day 1–3 2.2805 1.94 (n= 9)

estimated by analyzing a sample solution on three separate
days, with five replicates each day. The R.S.D. of the total
number of runs is 1.94% (Table 6). Therefore, the assay is
sensitive, with a lower detection limit of 2.5 ng and a lower
quantitation limit of 8.3 ng, based on three and ten times the
observed signal to noise ratio.

4. Conclusions

Therapeutic agents that possess chemically reactive
groups such as imines pose special challenges with regard
to HPLC assay development. Due to the reactivity of the
imine groups of SJG-136 towards protic solvents, the choice
of HPLC column and mobile phase is very limited. Two
reversed-phase HPLC assays have been developed: one for
the assay and separation of SJG-136 from its adducts, and the
other for the assay of SJG-136 in its dihydrate adduct (SJG-
DHA) form. Due to practical considerations, only the latter
assay was validated. This assay is suitable for both bulk anal-
ysis of SJG-136 and for formulation development, although
it will not distinguish between mono- and di-hydrate adducts.
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